We report the first utilization of intraoperative central venous pressure (CVP) monitoring in the resection of an orbital arteriovenous malformation. A 24-year-old woman with a history of a left orbital mass who had previously undergone resection of a cranio-orbital arteriovenous malformation presented with gradual recurrence in the left orbit. She visited the emergency department with sudden vision loss, which resolved over several hours. This transient vision loss was thought to be due to a steal phenomenon from the ophthalmic artery due to the residual vascular malformation. Further surgical resection was undertaken. A preoperative angiogram identified residual feeding vessels, and the larger vessels were embolized. At the start of the procedure, her CVP was elevated (29 mm Hg), as measured by a central venous line. The remaining feeding vessels were surgically ligated, and an intraoperative arteriogram confirmed their successful ablation. At the conclusion of the procedure, the CVP had decreased to 9 mm Hg.
A rteriovenous malformations (AVM) are congenital lesions composed of direct abnormal connections between the arterial and venous systems. Small lesions may remain asymptomatic, while larger lesions with high fl ow may manifest with symptoms due to mass eff ect, vascular steal, or even high-output cardiac failure.
CASE REPORT
A 24-year-old African American woman initially presented at age 15 with an enlarging, nonpainful, left orbital mass, proptosis, and ptosis. Magnetic resonance imaging and magnetic resonance angiography identifi ed the mass as a cranio-orbital AVM with the nidus in the subcutaneous tissue of the left upper eyelid. Feeding vessels from both the internal and external carotids were identifi ed. Shortly after initial presentation, she underwent embolization and staged surgical resection of the AVM, including anterior orbitotomy and frontoorbitozygomatic craniotomy. Histologic study showed a benign AVM.
In the intervening time, the patient noted increasing fullness in her lid and recurrent ptosis, especially during an incidental pregnancy (Figure 1a) . She presented to the emergency department with sudden painless vision loss in her left eye. Her visual acuity was 20/20 in the right eye but light perception in the left eye. Th ere was no aff erent pupillary defect. Extraocular muscle movements were intact, and she had no pain with eye movement. During the 4 hours she spent in the emergency department, the vision in her left eye improved to 20/40 with no intervention.
Th e episode of transient vision loss was thought to be related to residual malformation causing a steal phenomenon. Th e patient elected to undergo exploration and resection of residual AVM. Preoperative angiography revealed a preseptal, palpebral AVM fed by residual branches from the ophthalmic artery distal to the central retinal artery. Feeder vessels were embolized with polyvinyl alcohol particulates. High fl ow was noted through small distal branches of the internal maxillary artery, which were too small for embolization (Figure 1c) .
In the operating room, anesthesia was induced with propofol and fentanyl and maintained with desfl urane, sufentanil, and dexmedetomidine. Pressure support with a positive end-expiratory pressure of 5 cm H 2 O was utilized throughout the case. After induction, a central venous line was placed in the right internal jugular vein with ultrasound guidance and advanced into the superior vena cava in the standard fashion. At the start of the procedure, the patient's central venous pressure (CVP) was elevated (29 mm Hg). A Krönlein incision was made and dissection was extended to the lateral orbital rim. Computed tomography-guided navigation with the Stryker navigation system was utilized. Th e lateral orbital wall was resected en bloc to decompress the orbit. Th e dissection proceeded along the extraocular muscles from lateral to medial, adhesions were lysed, and vascular contributions to the AVM were ligated (Figure 1b) . Th e plane of dissection was then converted to subperiosteal and again vessels were clipped as they were encountered. At this point, a medial canthal incision was made, and vessels extending over the nasal bridge were clipped, as was the anterior ethmoidal artery. An intraoperative angiogram revealed successful ablation of the feeding vessels (Figure 1d) . At the conclusion of the procedure, the patient's CVP was 9 mm Hg. Th e patient has been followed for a year and has not had any further episodes of vision loss.
DISCUSSION
AVMs are abnormal blood vessel conduits between the arterial and venous systems due to the absence of an intervening capillary bed. AVMs result from errors in vascular development between the fourth and sixth weeks of gestation (1). By comparison, arteriovenous fi stulas are acquired arteriovenous shunts, occurring, for example, after trauma. As congenital malformations, AVMs are nonmalignant; however, they are dynamic lesions and generally progress if untreated and often recur after resection. Th e Schobinger staging system is used to classify AVMs and to document progression (2) . Th e earliest stage is applied to cutaneous lesions with detectable shunting on Doppler; the latest stage is reserved for high-output cardiac failure as a result of large AVMs.
Although AVMs are present at birth, they may not become clinically apparent until puberty or adulthood. Th ere is a recognized phenomenon of AVM expansion during puberty in both sexes that is attributed to hormonal eff ects (1). Pregnancy has been studied in Schobinger stage I lesions and was not found to be associated with AVM progression; however, the eff ects of pregnancy on larger AVMs is not known. In the case described, the patient experienced AVM progression during puberty and pregnancy. Mechanisms implicated in AVM expansion include angiogenesis and mechanical eff ects of increased blood fl ow, such as dilatation, hypertrophy, aneurysm formation, and collateralization (2) .
Th e mechanism of steal is shunting through lower resistance vessels and underperfusion of higher resistance areas. Steal syndrome has been implicated in the dynamic neurological changes noted in 4% to 12% of patients with AVMs (3). Cerebral blood fl ow, intraarterial pressure, and blood fl ow velocity are elevated in vessels near the AVM, and normalization of perfusion parameters and resolution of neurological symptoms has been reported after resection (3). Delayed vision loss after external carotid ligation for maxillofacial AVMs has been attributed to steal syndrome, associated with recollateralization of the external carotid from the ophthalmic artery (4). Other mechanisms proposed for vision loss in patients with AVMs, especially those involving the cavernous sinus, are venous hypertension or thrombosis causing impaired venous drainage (4). In the case described here, the transient monocular vision loss may have been secondary to a combination of steal and venous hypertension. CVP is measured by a pressure transducer in the superior vena cava and correlates with right atrial pressure and cardiac preload. Th e right atrium and superior vena cava are contiguous systems with nearly equal pressures, even at the extremes of intravascular volume (5) . Frequently used to monitor volume resuscitation, CVP is a popular adjunct parameter in the assessment of intravascular volume. CVP is increased in settings of elevated venous volume or decreased venous compliance, including fl uid or blood product transfusion, increased intrathoracic or intraabdominal pressure, and vasopressors (5) .
Th e draining vein pressure of intracranial AVMs has been shown to decrease after AVM resection (6) . Th e systemic implications of intracranial AVMs have been studied, and CVP has been reported as unaff ected or decreased after intracranial AVM resection (6, 7) . Th e lack of eff ect on CVP by intracranial AVMs may not hold true for extracranial AVMs, as unique autoregulation of the cerebral vasculature prevents direct transmission of intracranial pressure to the systemic circulation and vice versa. Th ere are no reports comparing CVP monitoring before and after extracranial AVM resection.
In the case described, the AVM was acting as a conduit for arterial blood to pass directly into the venous system, thus elevating the pressure in that system, which was recorded by the CVP monitor. Resection of the residual AVM led to correction of venous pressures, which was refl ected in a decrease in the CVP. Th e anesthetic agents utilized during this case were unlikely to be confounders, as these agents are associated with either increased or unaff ected CVP (8) (9) (10) . Placement of a central line is not superfl uous in many cases of AVM resection, as these lesions can cause signifi cant blood loss and hemostasis is often diffi cult to attain, since the abnormal vessels often pass through bone. CVP monitoring may be a useful adjuvant tool to document physiologically signifi cant resection of extrac ranial AVMs.
